Background: Osteoporosis is highly prevalent in CKD patients and is characterized by low bone mass leading to decreased bone strength. It is associated with an increased risk of fracture, thus increasing morbidity and mortality. Bisphosphonate administration decreases fracture risk in postmenopausal females with osteoporosis. There are limited studies showing effects of short term alendronate administration on BMD in predialysis osteoporotic patients with CKD. Methods: This study was conducted on fifty adult patients with chronic kidney disease. Patients were divided into two groups. Group A consisted of seventeen patients with CKD stage 3 (eGFR 45-30 ml/min/1.73m
INTRODUCTION
Chronic kidney disease (CKD) is an emerging public health issue affecting around 5% to 10% of the population globally. [1] In patients with CKD, there is a progressive loss in mineral homeostasis with deterioration of the kidney function leading to disturbances in bone and mineral metabolism and thus is an important cause of morbidity and mortality. [2] Advanced stages of CKD are further complicated by impaired production of 1.25 Hydroxy vitamin D and secondary hyperparathyroidism and parathyroid hormone resistance. Bone and mineral metabolism disorders in patients with CKD represent a spectrum of skeletal disorders ranging from high turnover lesions of secondary hyperparathyroidism to low turnover lesions of osteomalacia and adynamic bone disease. The term chronic kidney disease -mineral and bone disorder (CKD-MBD) is used for systemic disorders of mineral and bone metabolism as a result of CKD. Osteoporosis is highly prevalent in CKD patients and is characterized by low bone mass leading to decreased bone strength. Osteoporosis adversely affects the already compromised quality of life of CKD patients. It is associated with an increased risk of fracture, thus increasing morbidity and mortality. [3, 4] Dual energy X-ray absorptiometry (DEXA) is the most widely used method for bone mineral density (BMD) assessment due to its lower cost, accuracy, short scan time and low radiation dose.
Calcium, vitamin D, calcitonin and estrogen/androgen therapy were used for the management of low BMD, until the introduction of bisphosphonates in the 1990s. Bisphosphonates, derivatives of inorganic pyrophosphate are a group of antiresorptive drugs widely used in the treatment of osteoporosis, osteogenesis imperfecta, and several other bone diseases. [5] They are powerful inhibitors of bone resorption, and act by decreasing osteoclast mediated bone resorption. [5, 6] Randomized controlled trials have shown that bisphosphonate administration decreases fracture risk in postmenopausal females with osteoporosis. [7] Alendronic acid or Alendronate sodium is a nitrogen containing bisphosphonate and is a widely used drug for the treatment of osteoporosis. It is orally administered and weekly administration is as effective as daily dosing. Various studies have shown that alendronate administration has a beneficial effect on BMD even in patients with CKD and manifested no renal adverse effects. [8] This drug has also shown beneficial effects on BMD in renal transplant patients. [9] Recent studies have shown that it also has an added benefit to reducing the progression of vascular and soft tissue calcification. [10] The modern era has seen important advances in the understanding and management of osteoporosis, but in patients with CKD it remains a complex issue that has yet to be clearly defined.
There are very few studies carried out in the past regarding underlying mechanisms and management of osteoporosis in pre dialysis patients with chronic kidney disease and hence the present study was undertaken. Although studies have demonstrated a beneficial effect of alendronate on BMD in CKD patients, most of the studies were either in early CKD or in patients on haemodialysis. The present prospective study was therefore carried out to assess the effect of short term alendronate therapy in predialysis patients with advanced CKD including stages 3 and 4.
MATERIAL AND METHODS
The present study was conducted on fifty adult patients with chronic kidney disease either of stage 3 or 4 on regular follow up of kidney and dialysis clinic at Pt. B.D. Sharma PGIMS, Rohtak. The study included male patients between age 18-75 years and premenopausal non pregnant females older than 18 years of age. All the patients were osteoporotic having T score < -2.5 on DEXA scan. Only patients who had intact PTH levels between 100 and 300 pg/ml and 25(OH) Vitamin D levels greater than 20 ng/ml were included in the study. In patients with 25(OH) Vit D levels less than 20 ng/ml, 25(OH) Vit D were repleted to 20 ng/ml or greater than this before inclusion in the study. The intention was to treat patients with elevated PTH levels who nonetheless were under generally acceptable control: individuals with intact PTH < 32 pmol/L (300 pg/mL) and calcium x phosphorous product < 5.65 (equivalent to 70 in imperial units) who were independently functional and ambulatory.
Patients with CKD stage 5 & 5D, on maintainace haemodialysis, and post renal transplants were not included in the study. Patients with markedly depressed PTH levels (which may indicate low bone turnover disease) or markedly elevated PTH (which may indicate hyperparathyroid bone disease), having history of parathyroidectomy and with history of hormone replacement therapy within the previous 2 years were excluded from the study. Patients with history of bone tumors, multiple myeloma, any esophageal abnormality, osteonecrosis of jaw, other causes of metabolic bone disease, having preexisting psychiatric illness and post-menopausal women were also not included in the study.
After ). Patients were administered alendronate dose of 70 mg orally once per week, for a total of six weeks (i.e. six doses in total). Alendronate was selected as it is an oral medication and is therefore easy to administer to outpatients. They were directed to take the medication after an overnight fast with a full glass of water only and were instructed not to lie down for at least 30 min after ingestion. Patients were detailed about the side effects and were followed up fortnightly till 24 weeks of therapy for any untoward side effects like gastroesophageal irritation, osteonecrosis of jaw, nephrotoxicity, muscle and joint pain and skin rashes. The patients were contacted telephonically periodically for any side effects. Osteonecrosis of jaw was screened in patients complaining of jaw pain by X-ray of jaw.
Routine biochemical investigations were carried out at baseline and repeated at 6 months. Serum Calcium, phosphorous, total alkaline phosphatase and iPTH levels were obtained at baseline and at 6 months. Serum (iPTH) level (pg/ml) was measured by chemiluminescent immune assay (CLIA) method at baseline and after 6 months. Serum 25 Hydroxy Vitamin D level (ng/ml) was measured by enzyme linked immunosorbent assay (ELISA) method at baseline and after 6 months.
Bone Mineral Density (BMD) was measured at baseline and after 6 months, by dual energy x-ray absorptiometry at lumbar spine and neck of femur and lowest values were included (DEXA, Hologic Explorer QDR series 90797). The results were obtained in T score, Z score and bone mineral density (g/cm 2 ). Z score is the number of standard deviations from the mean of a healthy age and gender matched normal population, which allows the comparison of BMD between patients of different age and gender. T score is the number of standard deviations from the mean of a healthy young adult population (20-40 years old); it is used for the definition of osteopenia (between -1.0 and -2.5 T score) and osteoporosis (less than -2.5 T score).
Statistical analysis
At the end of the study, the data was expressed as mean ±1SD or range. Probability values of <0.05 were considered to be significant in all the analysis. The Statistical analyses were performed using independent t-test, paired t-test and chi square test. The correlations were tested using the Pearson correlation coefficient analysis. All statistical calculations were carried out using SPSS 20.0 software.
RESULTS
In our study, the majority of patients were above 40 years of age. The mean age of the patients in Group A was 52.47±12.42 with a range of 30-70 years. Group B had a mean age of 46.54±8.98 with a range of 30-65 years. Out of all 50 patients, 37 were male and 13 were female. The most common cause of CKD in Group A and Group B was diabetes mellitus followed by chronic glomerulonephritis and hypertension. Less frequent etiology included adult polycystic kidney disease, obstructive uropathy and renal amyloidosis. The baseline biochemical parameters of patients of both the groups are depicted in Table 1 .
Renal parameters including blood urea, serum creatinine and eGFR deteriorated in both the groups after six months but the difference was statistically insignificant. The corrected serum calcium, phosphate, serum alkaline phosphatase (SAP) and intact Parathyroid Hormone (iPTH) values also changed after six months in both groups but with an insignificant difference (Table 2 & 3). The mean corrected serum calcium & iPTH increased after 6 months in both groups with a statistically insignificant difference. The mean serum phosphate and SAP decreased after six months, but with a statistically insignificant difference. In Group A, T score, Z score and BMD (g/cm 2 ) increased from -2.60±0.086, -2.13±0.28, Figure 2 ).
Figure 1. Comparison of baseline and at six months bone densitometric data in Group

Figure 2. Comparison of baseline and at six months bone densitometric data in Group B
Out of 50 patients, 2 patients experienced gastroesophageal irritation and one patient experienced muscle and joint pain as an adverse effect. However, they were statistically insignificant (chi square test, p>0.05). Nephrotoxicity was defined as rapid increase in serum creatinine i.e. absolute increase of 0.5 mg/dl from baseline after 24 hrs of drug intake. None of the patient had such an increase in serum creatinine. Although blood urea and serum creatinine increased and eGFR decreased in both groups after six months, the difference was statistically insignificant. Any of the above mentioned side effects did not lead to withdrawal of drug in any patient.
DISCUSSION
Chronic kidney disease mineral and bone disorder (CKD-MBD) is a systemic disorder that is associated with increased incidence of fracture, cardiovascular disease and high mortality. It is associated with derangements in bone and mineral metabolism that lead to abnormal regulation of calcium, phosphorous, vitamin D, and parathyroid hormone (PTH). [11] Because the early initiation of appropriate therapy may prevent or ameliorate the mineral and bone disorder that develops in late CKD, the ability to define the pathophysiologic process underlying abnormality and the efficacy and safety of drugs required needs to be established. Osteoporosis is a condition characterised by low bone mass leading to reduced bone strength and increased incidence of fractures. Data from the National Health and Nutrition Examination Survey (NHANES) reported that the incidence of osteoporosis together with mild impairments in renal function (defined as an eGFR of <35 ml/min) is 0% among women aged 50-59 years old, 7.3% among those 60-69 years old, 21.3% among those 70 to 79 years old, and 53.9% among those eighty years or older. [12] Osteoporosis in CKD is a major part of the of metabolic bone disease and therefore, its diagnosis and management may differ from general population. Bisphosphonates are a class of antiresorptive drugs and are most widely prescribed drugs to treat osteoporosis. They work by the mechanism of osteoclast inhibition and therefore prevent the loss of bone mass. Bisphosphonates use has been associated with decreased incidence of fracture in the general population and even in patients with CKD. [13] Over the past few years, bisphosphonate use in patients with kidney disease has become widespread. In the current scenario, these drugs are being increasingly used by nephrologists and this may be because of safety data available with bisphosphonate use in patients with kidney disease and the effect on BMD achieved in general osteoporotic patients have also been demonstrated in patients with kidney disease. Keeping in view these facts, this study was planned to evaluate effects of short term alendronate therapy on BMD in fifty osteoporotic predialysis patients, with CKD stage 3 and 4 respectively.
In the present study, we investigated the effects of a short course of alendronate on BMD in stable chronic kidney disease predialysis patients to evaluate whether use of this drug could preserve or increase bone mineral density. Alendronic acid or Alendronate sodium is a nitrogen containing bisphosphonate drug extensively used in the treatment of osteoporosis. It has an oral route of administration and can be administered either daily or weekly. Alendronate was selected as it is an oral medication and is therefore easy to administer to outpatients. The short period of six weeks was selected because of two reasons. Even 6 weeks of alendronate use has shown to increase BMD after six months in women at risk for osteoporosis. [14] Secondly, because of the concerns that drug accumulation of bisphosphonates has renal mode of excretion and therefore has not been very much used in patients with CKD. In the present study, the T score, Z score and BMD (g/cm 2 ) in lumbar spine increased after the short term alendronate therapy in group A and group B. The increase in T score, Z score and BMD in both groups was statistically significant. In the present study, renal functions deteriorated in both groups after six months, but with a statistically insignificant difference. None of the patients experienced nephrotoxicity due to the alendronate therapy. The serum iPTH levels increased after 6 months in both groups. The serum iPTH levels were expected to rise after six months because the anti osteolytic effect of alendronate decreases bone turnover and acutely causes hypocalcaemia, thereby exacerbating secondary hyperparathyroidism. However, the increase in iPTH levels in both groups was statistically insignificant. There was an increase in serum calcium and decrease in serum phosphate levels after six months, however the difference was statistically insignificant (p>0.05). This difference may be due to the increased PTH levels. The SAP values decreased in both groups after six months with a statistically insignificant difference. The decrease in bone turnover due to bisphosphonates led to decrease in SAP after six months. Two patients experienced mild gastroesophageal reflux symptoms and one patient complained of mild muscle and joint pain. However, none of the patients had to discontinue drug therapy and adverse effects were statistically insignificant (p>0.05). In the present study, we were able to demonstrate that a short course of alendronate increases BMD, T score and Z score in patients with CKD stage 3 and CKD 4 with a statistically significant difference. The significant difference may be due to better control of biochemical parameters, adequate Vitamin D levels and better control of hyperphosphatemia in patients with CKD not on haemodialysis.
Our results were in concordance with a randomized placebo controlled study conducted by Wetmore et al. [15] They studied the effects of short term alendronate on bone mineral density in haemodialysis patients. 31 healthy HD patients were randomized to placebo versus 40 mg alendronate, taken once a week for 6 weeks. The BMD and T-scores in specific regions of the hip were stable in the treatment group and decreased in the placebo group. The lumbar spine density increased minimally in both groups. The main side-effect in the alendronate group was the occurrence of gastroesophageal reflux symptoms in three subjects. They concluded that low dose alendronate, administered for a limited duration, has a beneficial effect on BMD in dialysis patients. Shahbazian et al. conducted a controlled double blind randomized clinical trial studying the effect and safety of alendronate on bone density in patients with chronic kidney disease. [16] Forty four CKD patients between 18 and 45 years old with CKD stage 1 & 2 with BMD at least one SD lower than the normal level for the same age and gender were enrolled in the study. Participants were assigned randomly to either intervention or control group with 22 patients in each group. The intervention group received 10 mg alendronate daily for one year. After the completion of the trial, bone density decreased in all patients in the control group, but increased in the experimental group, in lumbar spine and femoral neck, 6.4% and 4.5% respectively. They concluded that Alendronate is safe in these patients and increases the bone density in CKD stage 1 and 2. Another study by Shahbazian et al. evaluated the efficacy and safety of alendronate in the prevention of bone loss in renal transplant recipients and found that the BMD in patients treated with alendronate increased significantly EFFECTS OF SHORT TERM ALENDRONATE ADMINISTRATION ON BONE MINERAL DENSITY IN PATIENTS WITH... both at the lumbar vertebrae and femoral neck while it decreased in the placebo group. [17] Jamal et al. carried out a secondary analysis of the fracture intervention trial to determine if alendronate had differential effects on BMD and fracture by renal function. [18] They concluded that alendronate is safe and effective among this group of women with reduced renal function.
Alteration in the bone metabolism in CKD not only affects bone health but it has systemic effects also. When bone resorption exceeds bone formation rates in CKD, phosphorus and calcium release leads to heterotopic mineralization especially in the vasculature. The failure of the skeleton to absorb positive phosphate balance in CKD is an important stimulus to heterotopic mineralization, and links the skeleton and osteoporosis in CKD to cardiovascular events and mortality. This link between osteoporosis and vascular calcification is now well defined in CKD and calls for urgent attention in order to prevent not only morbidities like fracture but also the mortality risk associated with increased cardiovascular events. [19] Our results with respect to BMD were consistent with a pilot randomized controlled trial by Toussaint et al. in which they studied the effect of Alendronate on BMD and vascular calcification in CKD Stages 4 and 5. [20] Patients were randomly assigned to either alendronate, 70 mg (n=25), or matching placebo (n=25), administered weekly. There was an increase in lumbar spine BMD and a trend toward better pulse wave velocity with alendronate. Femoral BMD was similar between the groups. At 18 months, there was no difference in vascular calcification progression withwhen alendronate was compared to the placebo. In our study, the effect of alendronate on vascular calcification was not evaluated due to technical constraints and therefore needs to be planned in future. This is important because bisphosphonates have been reported to affect the vasculature and decrease atherosclerosis. Bisphosphonates may accumulate in atherosclerotic arteries probably due to high affinity for calcium and hydroxyapatite in calcified athermanous lesions. Bisphosphonates have also been found to accumulate in healthy aortas due to the inhibition of atherosclerosis or the anti-cytotoxic effect. [21] The present study was associated with certain limitations. The small sample size and limited duration of the study were the major limitations. Another limitation to our study was that apart from PTH and ALP levels, no other markers of bone turnover were measured and bone biopsies were not performed. The role of bisphosphonates in decreasing vascular calcification and arterial stiffness which are highly prevalent in patients with CKD, also need to be evaluated in future. Therefore, further long interventional and case controlled randomized studies are required to determine the effective role of bisphosphonates in the treatment of BMD and the reduction of vascular calcification in predialysis CKD patients.
CONCLUSION
In conclusion, a state of reduced bone density is seen early in the course of CKD as estimated from reduced BMD levels, increased prevalence of osteoporosis and increased fracture risk and it worsens with the progression of CKD. Osteoporosis is a complex multi factorial disease that remains asymptomatic until a fracture occurs, and strategies need to be developed to accurately identify 'high risk' subjects who may benefit from preventive treatments before fractures occur. Considering that low BMD, osteopenia and osteoporosis are an increasing problem affecting the quality of life in CKD patients, there is a need to develop an effective strategy to improve BMD in these patients. There is a paucity of studies in the Indian literature regarding the role of bisphosphonates in improving BMD in pre dialysis patients with CKD and hence the present study was undertaken. Most of the studies were either of long duration, in patients with early CKD or in patients on haemodialysis. The present study was therefore carried out to assess the effect of short term alendronate therapy in predialysis patients with advanced CKD including stages 3 and 4.
